Abstract The Epic electronic health record (EHR) platform supports structured data entry systems (SDES), which allow developers, with input from users, to create highly customized patient-record templates in order to maximize data completeness and to standardize structure. There are many potential advantages of using discrete data fields in the EHR to capture data for secondary analysis and epidemiological research, but direct data acquisition from clinicians remains one of the largest obstacles to leveraging the EHR for secondary use. Physician resistance to SDES is multifactorial. A 35-item questionnaire based on Unified Theory of Acceptance and Use of Technology, was used to measure attitudes, facilitation, and potential incentives for adopting SDES for clinical documentation among 25 pediatric specialty physicians and surgeons. Statistical analysis included chi-square for categorical data as well as independent sample t-tests and analysis of variance for continuous variables. Mean scores of the nine constructs demonstrated primarily positive physician attitudes toward SDES, while the surgeons were neutral. Those under 40 were more likely to respond that facilitating conditions for structured entry existed as compared to the two older age groups (p = .02). Pediatric surgeons were significantly less positive than specialty physicians about SDES effects on Performance (p = .01) and the effect of Social Influence (p = .02); but in more agreement that use of forms was voluntary (p = .02). Attitudinal differences likely reflect medical training, clinical practice workflows, and division specific practices. Identified resistance indicate efforts to increase SDES adoption should be discipline-targeted rather than a uniform approach.
Introduction
Mandatory electronic health record (EHR) adoption has created an enormous volume of electronically-accessible patient data for clinical practice analysis and patient outcome measurement. Increasing use of EHR systems has facilitated clinical documentation data for research, quality initiatives, and automated decision support [1] . Because this collected information was designed primarily for patient care billing/ reimbursement purposes and permitted individual provider documentation styles, EHRs often lack the granularity and standardization necessary for secondary data analysis. Ideally, documentation methods are flexible and efficient, and support the quality and expressivity of generated patient notes, and simultaneously integrate efficiently into busy workflows, and capture structured and standardized data.
The Epic EHR [2] platform supports creation of structured data entry systems (SDES), which allows users and developers to create customized templates to match their clinical workflows and to maximize data completeness and structure [3] . Templates can be adjusted to physician preference based on encounter specific variables such as diagnosis, complaint, or findings, in order to create structured data narratives. The integration of unstructured free text with coded, discrete data fields has the potential to facilitate data capture directly from physicians while allowing freedom of expression, as well as providing structured data to support reuse of clinical information for quality assurance and clinical research analysis [4] . SDES also support standardization for sharable data among EHR systems and ease in reporting, thus demonstrating meaningful use.
Using discrete data fields in clinical documentation has many potential advantages, but acquisition of data directly from clinicians remains one of the largest obstacles to leveraging the EHR for secondary use. The process and products for documenting clinical care occupy a critical intersection among the diverse domains of patient care, clinical informatics, workflow, research, and quality [1] . Structured data entry can be time-consuming, and its adoption varies widely among different end users. Clinicians are pressed for time and often are unwilling to assume the data entry burden unless receiving significant returns for their efforts [5] . Negative impact on physician productivity is a major barrier to EHR implementation and acceptance [6] . Since much of the responsibility for capturing structured clinical data has fallen to the physician at the point of care, the amount of time required for documentation has increased provider frustration associated with using EHRs [7] . Clinicians are reluctant to switch from natural prose to templates in clinic documentation for fear of losing increased accuracy, reliability in identifying patients with given diseases, and greater understandability to healthcare providers reviewing patient records [8] . Systems optimized to acquire structured data from healthcare providers often have idiosyncratic, inflexible, or inefficient user interfaces, and place the burden of data entry in a structured format on a busy healthcare provider, rather than leveraging specific computer programs to extract the data from the clinical narrative [1] .
Developing and optimizing the architecture of SDES is essential for future secondary research using EHR data. Collecting research data without compromising the clinician's commitments to patient care is a promising step toward decreasing research costs, increasing patient-centered research, and speeding the rate of new medical discoveries. With this goal in mind, four general steps have been proposed to deliver a complete, accurate, and usable SDES: 1) Establish a clinical advisory committee for creating clinical protocols and EHR standards; 2) Identify the Bdeal breakers^for structured data entry with specific attention to physician resistance; 3) Identify the workflows to facilitate data entry capture; and 4) Identify the technology platforms necessary for seamless integration [7] .
Reasons for physician resistance to SDES can be multifactorial. Acceptance of information technologies research has generated many competing models and the operationalization of user acceptance is perspective-dependent [9] . Venkatesh et al. [10] created the Unified Theory of Acceptance and Use of Technology (UTAUT) after reviewing and empirically comparing eight competing models. They noted that four constructs play significant roles as direct determinants of user acceptance and usage behavior: performance expectancy, effort expectancy, social influence, and facilitating conditions [10] . Three other constructs, attitude toward using technology, self-efficacy, and anxiety, may play indirect roles in determining user acceptance and behavior.
Determining factors affecting physician adaptation of SDES will support appropriate and targeted interventions to mitigate physician resistance. Employing a UTAUT-derived questionnaire to identify issues and to improve early adoption rates, we examined physician perspective on the use of Epic Smartforms CDES format.
Methods
The study was conducted in a large tertiary academic pediatric healthcare system located in Southern California providing pediatric medical services in San Diego, southern Riverside, and Imperial counties. In 2010, the healthcare system began a phased implementation of the Epic EHR, which included inpatient, ambulatory, billing, and research modules, across the entire healthcare system. In fall 2013, the healthcare system began an optimization phase for the Epic ambulatory module, responding to end-users' expressed desires for increased functionality and user-friendliness. Conducted over a three-to-fourth month period, and led by an information technology project manager, the optimization phase was broken into three specific processes, tailored to each medical division. The approach incorporated content gathering, observation, and training with significant input and feedback from the clinical end users. The primary goals of the optimization phase included increased efficiency and end-user satisfaction through improved EHR chart design, reducing time navigating to locate data in the electronic record, and increased ease of documentation with reduced dependence on free text. An ambulatory optimization committee (AOC) was responsible for oversight of the entire process across the participating medical divisions. The AOC's overarching goal was to use the resulting data to build collaborative, research-ready data marts for ongoing outcomes research within the healthcare system's diverse pediatric population.
A key component of the initiative was the promotion of Smartforms for patient encounter data capture. Smartforms were built for each individual medical specialty based on the instructions of the specialty's medical informatics champion. The Smartform format could be based on chief complaint, symptomatology, or diagnosis. Multiple queries with possible responses could be created throughout the sections of the clinic note with the purpose of capturing data while allowing for output directly into actual documentation ( Figs. 1 and 2 ).
In spring 2014, the authors designed a UTAUT-modeled, multi-section questionnaire based on previous EHR research and the work of Duyck et al. [9] in order to measure physician and surgeon perspectives regarding structured data entry and the use of Smartforms (Appendix). The paper questionnaire was distributed to specialty physicians and pediatric surgeons participating in Smartform optimization training before the Smartform implementation. In addition to demographic questions such as age, years of training, medical specialty, and whether an individual was a physician or surgeon, the questionnaire addressed attitudes and expectations regarding Performance and Effort Expectancy, Social Influence, Facilitating Conditions, Attitudes toward Technology, Self-Efficacy, Anxiety, Voluntary Use, and Behavioral Intention. Respondents were asked to measure their level of agreement ranging from complete agreement to complete disagreement using a seven-item Likert scale. The responses were captured with both summary means for the nine different areas of interest as well as scores for all of the individual items. This study met the exempt category following institutional review board review.
Questionnaires were double-entered and verified. SPSS version 21 [11] was used to test initial associations of demographic and attitude variables using chi-square for categorical data as well as independent sample t-tests and analysis of variance for continuous variables. Statistical significance was set at p-value less than .05. Once summary mean differences were identified, subscale responses were examined for differences among groups.
Results
A total of 25 participants completed surveys. Eleven were female, and participants ranged in age from 32 to 78 (M = 43, SD = 7.40). The respondents were on average 11 years posttraining. Pediatric specialties included urology, pulmonology, hematology/oncology, orthopedics, and otolaryngology, and represented 12 specialty physicians and 13 pediatric surgeons. Table 1 summarizes the respondents' demographic characteristics.
Female respondents were on average ten years younger than male respondents (female: M = 39.6, SD = 4.61; male: M = 49.0, SD = 12.63; p = .03), although there was no significant difference in mean age between physicians and surgeons. Mean scores of the main categories of interest demonstrate a primarily positive attitude toward and perception of Smartform use (Table 2) .
Respondents under 40 were significantly more likely to strongly agree there were the necessary facilitating conditions for Smartforms compared to those over 40 (p = .02). There were ). There were no significant differences when employing analysis of variance to look at differences in means regarding Expectancy, Influence, Conditions, Attitudes, Self-Efficacy, Anxiety,; Voluntary Use; or Intention by gender.
The impact of being a more recent graduate who was 10 years or fewer years post training compared to those more than 10 years post training was examined, to test the hypothesis that more recent trainees were likely to have had more EHR exposure and therefore more comfort with the EHR. There were no significant differences between the groups in their attitudes and perceptions. Once the summary mean differences were identified, specific items were examined for their contribution to the differences. Table 3 demonstrates that pediatric surgeons were less likely to agree that Smartforms increase productivity (p = .02) and chances of a raise (p = .01).
Pediatric surgeons were also less likely than physician specialists to feel that people who influence them (p = .02) or who individuals whom they consider important within the administrative hierarchy will have an effect on their use of structured data entry (p = .03). In contrast, specialty physicians were more likely than pediatric surgeons to feel that the use of Smartforms is compulsory (p = .04) or required (p = .04).
Discussion
The analysis identified there was not significance variance in results when examining the potential effect of age, gender, or years since completion of formal training on attitudes and behaviors toward Smartforms, Significant differences emerged when comparing the responses by physician versus surgeon. While both groups were generally positive about the adoption of the structured template, the surgeons were in less positive structured data entry would improve their productivity. The surgeons' responses indicated they felt they had more control regarding the adoption of a structured approach than the specialty physicians did.
Several possible factors could account for the differences between the specialty physicians and pediatric surgeons, including the differences in clinical workflow, workload, and training. The two groups are members of different academic divisions, which may result in different perceptions regarding the need to adopt a structured approach and a different emphasis on outcomes research. These findings are in agreement with Scheepers et al. [12] , who identified and measured different personality type clusters according to specialty field. The differences may reflect differences in computer skills required to enter medical information while also interacting in the work environment [13] . The findings reinforced the barriers associated with EHR implementation in general such as the need for tech support, technical concerns, and insufficient time, and workflow challenges [14, 15] .
Behavioral intent is usually the greatest predictor of overall adaptation to new technology [10] . There can be variability in the direct and indirect effects on behavioral intent. Duyck et al.
examined user acceptance of a picture archiving and communication system implemented in Ghent University Hospital Radiology Department in Belgium [9] . They found that performance expectancy and facilitating conditions were important for predicting acceptance, while social influence and effort expectancy were not. Their study was performed in a heterogeneous population of 19 radiologists and 37 technologists, a survey response rate of 59.6%, compared to this study's 100% response rate. Effort expectancy in this study showed high values of agreement with behavioral intent, demonstrating a belief in being able to use Smartforms effectively and planning to proceed with their use in the future. These findings support the theory that one of the main barriers to structured data entry is the amount of extra work or effort that is required on the part of the end user. This report of perceptions of specialty physicians and surgeons in during an EHR optimization phase contains feedback from one pediatric institution, which is a limitation. The small physician and surgeon groups do not have the required power to do a rigorous analysis of potential covariates noted in other studies such as cost and resistance to changing work habits [14] . Moreover, the participant specialty physicians and pediatric surgeons were a subgroup of the many clinicians who use the EHR and structured reporting in the institution. The attitudes reflected in this study may differ among primary care providers as well as other specialty physicians and surgeons, especially given competing factors such as time with patients, ongoing patient relationship, divisional leadership goals, and participation in research, all of which may be significant covariates regarding acceptance and utilization.
Conclusion
The mean scores of the nine constructs demonstrated primarily positive attitudes toward SDES, which should be reinforced and further strengthened. As SDES are designed and implemented, it is important to note that there may need more emphasis on available training and facilitation for those who are more advanced in their careers in order to facilitate conditions needed to embrace SDES. These findings indicate a significant difference in attitude between pediatric surgeons and specialty physicians, which should be considered during any SDES implementation. SDES adoption is more likely among pediatric surgeons if there is sufficient attention paid to ensure performance will not be adversely affected. Implementation of SDES program are much more likely to be successful of SDES adoption is discipline-targeted and presented with the context of that disciplines workflow rather than a uniform approach.
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